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Abstract 

Higgs bosons predicted by the fermiophobic scenario within Two Higgs Doublets 
Models were searched for in the data collected by the DELPHI detector at 
centre-of-mass energies between 189 GeV and 202 GeV, corresponding to a 
total integrated luminosity of 380 pb~^. No signal was found and confidence 
limits were derived in the framework of possible extensions of the Standard 
Model Higgs sector. 
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1 Introduction 

The spontaneous symmetry breaking mechanism is a fundamental component of the 
Standard Model (SM) but no direct experimental evidence for the Higgs particles has 
been presented so far. Many of the proposed extensions of the Standard Model change 
the properties of the Higgs particles, either by the effect of new interactions at higher 
energy scales or directly by assuming a non-minimal Higgs sector. The introduction of a 
second Higgs doublet is a natural assumption and it can lead to a scenario where a light 
Higgs particle with suppressed couplings to fermions arises fl]]. 

In the Two Higgs Doublets Models (2HDM), the lightest scalar Higgs boson {h^) can 
be produced at LEP either in association with a CP-odd Higgs particle or in association 
with a boson. The decay branching ratios for the lightest scalar Higgs change with 
respect to Standard Model ones and its decay to a pair of photons becomes dominant in 
large regions of the parameter space, while in the Standard Model this branching ratio 
is < 10~^. Events with isolated photons in the final state constitute rather distinctive 
signatures of this fermiophobic scenario. 

We present analyses of final states with isolated photons using the data collected by 
DELPHI at centre-of-mass energies ranging between 189 GeV and 202 GeV, correspond- 
ing to a total integrated luminosity of about 380 pb~^. In this paper we include also the 
results from an analysis of 6-jet events relevant to the 2HDM scenario. The h^Z^ produc- 
tion with 77 has been investigated previously and interpreted in other frameworks: 
an analysis of previous DELPHI data can be found in reference and results from other 
LEP experiments can be found in 0. Results obtained at LEP 1 will be discussed in 
section ^. 

2 2HDM: the fermiophobic scenario 

The Two Higgs Doublets Models (2HDM) without explicit CP violation |] are charac- 
terised by five physical Higgs bosons: two neutral CP-even bosons {h^, H^), two charged 
bosons (H^), and one neutral CP-odd boson (A^). The important parameters for de- 
scribing the 2HDM are the angles a and (3, where a is the mixing angle in the neutral 
CP-even Higgs sector and tan P is the ratio of the vacuum expectation values of the two 
Higgs doublets. A seventh parameter is fixed in the symmetry breaking, and is related to 
the masses of the vector bosons Z^ and which are nowadays extremely well measured 

i- 

In the framework of 2HDM there are four different ways in which the Higgs doublets 
can couple to fermions 0. The most common choice is the structure assumed in the 
Minimal Supersymmetric extension to the Standard Model (MSSM) : one of the 
Higgs doublets couples both to up type quarks and to leptons, and the other doublet 
couples to down type quarks. 

In this paper a model is explored where only one of the Higgs doublets is allowed to 
couple to fermions (model type I) The coupling of the lightest CP-even boson, h^, 
to a fermion pair is then proportional to cos a. If a = | this coupling vanishes and 
becomes a fermiophobic Higgs. 

In general 2HDM, the main mechanisms for the production of neutral Higgs bosons at 
LEP are e~^e~ h^Z^ and e^e~ h^A^. These processes have complementary cross- 
sections, proportional to sin^ 5 and to cos^ 5 respectively, where 5 = a — (3. The high 5 
region can be studied by analysing the Higgs-strahlung process, while the small 6 region 
is dominated by the associated h^A^ production. The combination of both processes 
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leads to an interpretation of the results as a function of m/jo and m^o. The region in 
the plane (m/jO, m^o) that is relevant for the present analyses corresponds to a band 
miow < + rriho < nihigh- The upper constraint represents the sensitivity accessible 
with the present LEP 2 integrated luminosity and centre-of-mass energies and the lower 
constraint corresponds to the region excluded by previous analyses, namely at LEP 1. 

The Higgs-Higgs interactions, namely the h^H^H~ vertex, depend on the specific 
2HDM potential. In fact, there are two different potentials, defined by seven parameters, 
which assure no CP violation. They are referred to as potential A and potential B 
These potentials are equivalent so far as the Higgs couplings to gauge bosons and 
fermions are concerned. However, differences in the Higgs-Higgs interactions lead to 
different phenomenologies and can alter the decay width of — > 77, for which the 
loop has a fundamental contribution. On the other hand, the relevant tree-level decays 
of are completely independent of the chosen potential. The two potentials also give 
rise to different forbidden regions in the parameter space accessible at LEP. Namely, a 
small value of 5 implies a light for potential A and a small difference between myfi and 
m^o for potential B (which is also the one assumed in the MSSM). 

In this paper the results are interpreted for both potentials. For Potential A, the 
branching ratio of the lightest scalar Higgs to two photons, BR(/i° 77), depends 
only on myfi and mildly on the value of 5, provided that is above the experimental 
limit of 78.6 GeV/c^ and the heavier neutral scalar Higgs boson {H^) has a mass of 
the order of 1 TeV/c^. For potential B, the same branching ratio depends also on m^o 
and mH± , and there can be large cancellations between the several loop contributions for 
some values of these parameters. For higher values of mH± (above 400 GeV/c^) or higher 
values of 5 (sin^ 5 > 0.02), there are again regions free of such cancellations. 

The dominant decay modes for rrij^o < rrizo in the fermiophobic limit (Model I and 
a = |) are A^A^ (tree level) if rriho > 2m^o and 77 (one-loop) otherwise. 

The decays of to other boson pairs can be important when rriho > m^o, namely the 
one loop decay /i" — ^ Z^j can have a BR as large as 20% for very small 6 values, while 
the decay to WW* is important for large 6 values. 

The tree level decay modes of the A^ boson are: A^ ff, A^ Z^h^, and A^ —>■ 
W^H^ (when kinematicaly allowed). The main decay of A^ is into a fermion-antifermion 
pair, namely a bb pair if m^o > 10 GeV. However, above the Z^h^ threshold, the decay 
A^ —>■ Z^h^ dominates for all 5 < 1.3 rad. Finally it should be noted that in the region of 
very low 6 values {6 < 10~^ rad) and m^o < m_^o + rrihO, the A^ total width is very small 
and A^ can leave the detector before decaying |jl|. While for potential B, final states with 
invisible ^4° are important only for a small band of m^o ~ friho, for potential A they can 
give rise to totally invisible final states. 

The several topologies contributing to the analyses are summarised in table |l|. For 
m/jO > 2m AO, the final states will not involve photons but rather 6 b-jets or only invis- 
ible particles (stable A^). In this region the analysis of ^ was used together with the 
interpretation of LEP 1 data. 

3 Data samples, event selection and analysis 

The analysed data from the LEP runs of 1998 and 1999 were taken at centre-of-mass 
energies of 189 GeV, 192 GeV, 196 GeV, 200 GeV and 202 GeV, with integrated lumi- 
nosities of about 153, 26, 77, 85 and 42 pb~^, respectively. A detailed description of 
the DELPHI detector and its performance can be found in references The most 

relevant subdetectors for the present analyses were the electromagnetic calorimeters: the 
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Process 


Final states 


Relevant mass region 


e+e- h^A^^ 


77^4'^ (long lived) 

77bb 


niAO < mzo + niho 
niho + niAo > 10 GeV/c^ 




7777Z/Z/ 
7777qq 


niAO > mzo + miiO 


e+e- ^ h."Z" 


77t/z/ 
77qq 


mho < 110 GeV/c^ 



Table 1: Topologies of the final states considered in the framework of the explored fermio- 
phobic scenario in 2HDM. 



High density Projection Chamber (HPC) in the barrel region, the Forward ElectroMag- 
netic Calorimeter (FEMC) in the endcaps and the Small angle Tile Calorimeter (STIC) 
for the very-forward region; the Hadronic CALorimeter (HCAL, covering polar angles 
down to 11 degrees), and the tracking devices, namely: the Vertex Detector (VD), the 
Inner Detector (ID), the Time Projection Chamber (TPC) and the Outer Detector (OD) 
in the barrel and the Forward Chambers A and B (FCA, FCB) in the forward region. The 
Vertex Detector is crucial for the determination of secondary vertices and the tagging of 
6-quark jets and also for the identification of photons which convert inside the tracking 
system but after the VD. 

The effects of experimental resolution on background and signal events were stud- 
ied by generating Monte Carlo events and passing them through the full DELPHI 



simulation and reconstruction chain |]T0|. The PYTHIA [TT| generator was used 
to simulate the background processes: e+e" — > Z°(N7) — >• qq(N7), e+e" W'^'W", 
e+e- ^ W+e+z/, e+e" ^ Z°Z77*, and e+e" ^ Z^e+e-. The e+e" ^ Z0(N7) ^ z/i>(N7), 
e+e" Z°(N7) — /i/i(N7) and e+e~ — > Z°(N7) — rf (N7) processes were generated with 
the KoralZ generator |T^. Bhabha events were generated with the BHWIDE generator 
TB| , e+e" 77(7) events according to [|I^], and Compton events according to [^. The 



two-photon ("77") physics events were generated with the TWOGAM |T6[ generator. 

The two main backgrounds in the analysis are e+e~ —>■ qq(N7) and e+e~ — *• i/t/(N7). 
The matrix-element in KoralZ generator (used for i'u{N'~f)) has the complete order a 
complemented with a third order leading-log expansion. The Pyhia generator (used for 
qq{N'~f)) was verified to be compatible with KoralZ for events with up to two visible 
photons. The absence of a complete description of the multiple photon radiation in MC 
generators may be a problem for very high luminosity analysis. 

The analysis of events with isolated photons was done in several steps. First a general 
selection was applied and isolated leptons, isolated photons and jets were reconstructed. 
Events with isolated leptons were removed from the analysis. 

Charged particles were considered only if they had momentum greater than 0.1 GeV/c 
and impact parameters below 4 cm in the transverse plane and below 4 cm / sin 6 in the 
beam direction {6 is the polar angle, defined in relation to the beam axis). Energy 
deposits in the calorimeters unassociated to charged particle tracks were required to be 
above 0.3 GeV. 

Isolated particles were defined by constructing double cones centered around the axis 
of the neutral cluster (charged particle track) with half opening angles of 5° and 15° 
(5° and 25°), and requiring that the average energy density in the outer cone was below 
10 MeV/degree ( 15 MeV/degree), to assure isolation. In the case of neutral deposits. 
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no charged particle with more than 250 MeV was allowed inside the inner cone. The 
energy of the isolated particle was then re-evaluated as the sum of the energies (charged 
particle track momenta) inside the inner cone. For well identified photons or leptons, the 
above requirements were weakened: the external angle was allowed to be smaller and one 
energetic particle was allowed in the outer cone. 

Photons were further required to have no HPC layer with more than 90% of the photon 
electromagnetic energy. Alternatively, energy deposits above 3 GeV in the hadronic 
calorimeter were considered as photon candidates if at least 90% of the deposited energy 
was in the first layer of the HCAL. 

Photons converting within the tracking system were recovered only in the non-hadronic 
topologies. 



3.1 Photonic final states 

Photons converting inside the tracking system, but after the Vertex Detector, are 
characterized by charged particle tracks and will be referred to as converted photons. 
Photons reaching the electromagnetic calorimeters before converting, yielding no recon- 
structed charged particles tracks, will be referred to as unconverted photons. According 
to this classification, two different algorithms were applied in the photon reconstruction 
and identification. 

Energy deposits were considered unconverted photons if the following requirements 
were fulfilled: 

• The energy was above 3 GeV. 

• The polar angle of the energy deposit was inside one of the intervals [20°, 35°], 
[42°, 88°], [92°, 138°] or [145°, 160°] in order to reduce calorimeter edge effects. 

• No charged particle tracks were associated to the energy deposit. 

• There was no VD track element pointing to the energy deposit direction within 3° 
(10°) in azimuth in the barrel (forward) region of DELPHI (a VD track element was 
defined as at least two hits in different VD layers aligned within an azimuthal angle 
interval of 0.5°, assuming the charged particle track originated from the beam spot). 

• If the polar angle of the energy deposit was below 30° (above 150°), it had to be out 
of the 6 TPC (f) intermodular divisions by 2.5°. 

Photons converting after the VD in the polar angle range between 25° and 155° were 
recovered. They were reconstructed with the help of the DURHAM jet clustering algo- 
rithm [0. All particles in the event, with exception of isolated neutral particles were 



clustered in jets, using as the resolution variable Ucut = 0.003. Low multiplicity jets with 
less than 6 charged particles were treated as converted photon candidates if they were 
associated to energy deposits fulfilling the same requirements imposed on unconverted 
photons. 

A common preselection was defined for all the photonic final states (level 1). It was 
required that the visible energy in the polar angle region between 20° and 160° was greater 
than 0.1\/s. The number of charged particle tracks was required to be less than 6, all 
without VD track elements. At least two photons had to have energy greater than 5 
GeV and polar angles between 25° and 155°. No particles (with the exception of isolated 
photons) with energy above 3 GeV were allowed in the event; no more than one photon 
converting in the tracking system was allowed. 

Specific criteria were then applied to the photonic preselected sample according to the 
final state topology under study. 
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3.1.1 Events with two photons and missing energy 

The level 2 selection of the 77 + Emiss sample consisted of requiring events with two 
and only two photons. The acoplanarity[| between the two photons in these events is 
compared to the Standard Model prediction in figure |I]a). 

Final selection criteria (level 3), aiming at the enhancement of a possible signal con- 
tribution were then imposed and consisted of the following conditions: 

• Whenever the missing momentum was greater than O.ly^ the polar angle of the 
direction of the missing momentum was required to be greater than 10° and less 
than 170° and no signal in the set of lead/scintillator counters placed between the 
barrel and forward electromagnetic calorimeters was allowed. 

• The acoplanarity between the two photons was required to be greater then 10°. 

• The sum of the energies of the two photons had to be lower than 0.7^/s. 

In the case of the search for the Higgs-strahlung production, h^Z^, with —>■ 77 and 
Z^ —>■ uu, it was further required that the mass recoiling against the two photons was 
above 20 GeV/c^. The invariant masses of the photon pairs are displayed for these events 
in figure ^). The background comes mainly from double radiative returns to the Z° with 
Z vv. 

The efficiencies are about 60% for both h^Z^ and h^A^, for all centre-of-mass energies 
and mass ranges considered. For m^o = 90 GeV/c^ and 5 = vr/l, the number of expected 
signal events from h^Z^ production is 1.7. 

3.1.2 Events with four photons and missing energy 

Different criteria were imposed on the level 1 photonic sample in order to get a wide 
sample of candidates for the associated production of h^A^, in which the CP-odd bo- 
son decays to h^Z^, the Z^ going to two neutrinos. The specific criteria for selecting 
7777 + Emiss events (level 2), consisted of demanding that the events had at least three 
photons, all but one between 25° and 155° in polar angle. Moreover, whenever the miss- 
ing momentum was greater than 0.1 i/i the polar angle of the direction of the missing 
momentum was required to be between 10° and 170°. 

A final set of requirements was imposed in order to enhance a possible signal (selection 
level 3): 

• The acoplanarity between the two most energetic photons had to be greater then 
10°. 

• If the missing energy was below 70 GeV, the missing transverse momentum had to 
be greater that 50 GeV/c. 

• The energy of the most energetic photon had to be less than ^/s/2 — 20 GeV. 

The average efficiency of this selection is around 50%. For m/jo = 10 GeV/c^ and 
nijfi = 120 GeV/c^ and a (5 = 7r/4, the signal expectation is of 3.6 events, for a total 
background expectation of 2.9±0.5 events, coming both from ^^77 and 77 producton. 

3.2 Final states with jets and photons 

Selection criteria were implemented to identify events with two jets and at least two 
isolated photons (level 1). Isolated photons were reconstructed as explained in the be- 

^ acoplanarity is defined as the complement of tfie angle between the projections of the two photons in the plane 
perpendicular to the beam 
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gining of section 3. Their energy was further required to be above 5 GeV to avoid large 
contamination from photons coming from the hadronization. 

Events were selected in the hadronic topologies if at least six charged particles were 
present, the visible energy in the polar angle region between 20° and 160° was greater 
than 0.2a/s and there was at least one charged particle or one electromagnetic cluster with 
an energy greater than 5 GeV. All selected charged particles and neutrals not associated 
to isolated photons were forced to be clustered into two jets using the DURHAM jet 
algorithm [0. 

For qq'j'y, (qq'j'j'j'j) final states two (at least three) photons with polar angle above 
40° and below 140° were required. In order to improve momentum and energy resolu- 
tion for the qq'j'j final states, a kinematic fit |jl8| imposing total energy and momentum 
conservation (with the two jets and two photons) was performed on the selected events. 
Only events with a P^r degree of freedom lower than 5 were accepted. This defined 
the selection level 2. The jet-jet mass resolution at this level was 3 GeV/c^. 

Selection level 2 was used for the search for h^Z^. A selection level 3 was defined for 
the search for h^A^ with —>■ bb, in which flavour tagging was performed based on the 
identification of the final state quark. Events with a high probability of containing a b 
quark (using the variable defined in |1^) were thus accepted, allowing for a reduction of 
50% in the background while keeping 90% of the signal. 

The 77 invariant masses reconstructed for events with two jets and two photons are 
displayed in figure |^, both for h^Z^ (a) and h^A^ (b) searches. 

The average efficiencies for masses near the upper kinematic limit are 36% and 33% 
for two photon events from h^Z^ and h^A^ production, respectively, and 30% for the 
final state with at least three photons. These numbers correspond to expectations of 
2.4 events from h^Z^ in the gg77 selection and 2.1 from h^A^ in the 6677 selection, for 
m^o = m/jO=90 GeV/c^ and 6 = tt/A. For the final state with at least three photons and 
for masses of 771^0=120 GeV/c^ and m/iO=10 GeV and 5 = 7r/4, the signal expectation is 
of 5.0 events to be compared with 3.0±0.6 background events coming mainly from 55777. 

4 Results 

The number of candidates at different selection levels for the relevant topologies are 
given in table The numbers in parentheses correspond to the Standard Model expec- 
tations which, in the case of final states with only photons, were corrected for trigger 
efficiencies (of the order of 98% in the barrel region of the detector and above 99% in 
the forward region considered in the analysis). Overall, there is a reasonable agreement 
between data and MC expectations. 

Small excesses appear in topologies with low statistics. For instance, in the 557777 
final state at 189 GeV there is a slight excess not confirmed at higher energies. The 
reconstructed m^o (missing mass or invariant mass of the two jets) for events selected in 
the last level of the two topologies with four photons are shown in figure ^. It should be 
remarked that the good description of the Z^{N'y) background has been confirmed only 
for final states with at most two visible photons. 

Signal selection efficiencies were calculated for each final state topology according 
to the specific process to be studied. Several {771^0, tjiao) points covering the relevant 
parameter space were considered. For all these masses, the width of the Higgs bosons is 
smaller than the mass resolution. 

These results were then combined and interpreted within the 2HDM fermiophobic 
framework giving hmits on the cross-sections of the studied processes. The Modified 
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Energy 
(oreV 


topology 


selection level 


1 


2 


3 


189 


7777 


714 (707 ± 6) 


91 (85±2) 


2 (1.5±0.4) 


77 


561 (555±5) 


7 (5.6±0.9) {h^Z'>) 

8 (6.4±0.9) (h^A^) 


bb77 


oZU (^o5y±/j 


26 (30±2) 


12 (14±1) 


qq7777 


25 (27±2) 


5 (1.7±0.5) 


192 


7777 


91 (119±1) 


12 (13.6±0.4) 


1 (0.15±0.05) 


77 


77 (89±1) 


1 (l.OiO.l) {h^Z'') 
1 (l.liO.l) (/iMO) 


bb77 


/I Q //C'O 1 o\ 

4o [bodzZj 


2 (2.8±0.4) 


(1.0±0.2) 


qq7777 


1 (4.7±0.5) 


(0.11±0.08) 


196 


7777 


343 (347±3) 


46 (40±1) 


2 (0.4±0.1) 


77 


264 (259 ± 3) 


1 (1.9±0.3) {h^Z'') 
1 (2.3±0.3) (/iMO) 


bb77 


165 (14o±3j 


6 (8.6±0.8) 


1 (3.6±0.5) 


qq7777 


8 (10.6±0.9) 


1 (0.7±0.2) 


200 


7777 


334 (356±3) 


43 (42±1) 


(0.6±0.2) 


77 


263 (264±3) 


3 (3.1±0.4) {h^'Z'') 
3 (3.2±0.4) (h^A^) 


bb77 


^ zLQ (^ ^"^4-^^ 


12 (7±1) 


6 (2.8±0.7) 


qq7777 


13 (8±1) 


2 (0.4±0.2) 


202 


7777 


171 (170±2) 


28 (19.8±0.6) 


(0.29±0.08) 


77 


126 (128±1) 


2 (1.2±0.2) {h^Z'') 
2 (1.3±0.2) (/iMO) 


bb77 


82 (80±3) 


7 (3.8±0.5) 


1 (2.1±0.4) 


qq7777 


8 (5.6±0.7) 





;o.i±o.i) 



Table 2: Number of events passing the sets of cuts corresponding to the selection levels 
described in the text for each topology and centre-of-mass energy. The MC predicted 
numbers of events and their statistical errors are displayed between parentheses. The 
second selection level of 6677 is the last level for the selection of qq'j'j- 



Frequentist Likelihood Ratio method described in |^ was used. The method is based 
on the measured and expected mass distributions. A test statistic is constructed as the 
ratio of the probability density functions of the signal plus background to background 
only hypotheses. 



4.1 Constraints from LEP 1 

The production of Higgs bosons at LEP 1 energies would have the effect of increasing 
the Z^ width. Since the Z° parameters are very well measured, tight bounds can be 
derived on the Higgs mass. However these results should be used with some care |^ . 
The Higgs production would change the result for the hadronic cross-section, which plays 
an important role in the fitting of the electroweak parameters. In [21] a fit with more 
independent variables is performed, assuming that only the e~^e~ Z^ ^ e^e~ and 
e^e~ — > — s> ^~^fi~ have no contribution from new physics and that the new physics 
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corrections to the other processes are not strongly flavour dependent. The limit thus 
obtained is almost model independent and completely independent of the efficiency with 
which the new modes could be selected for the e~^e~ ^ hadrons or e~^e~ ^ 

T~^T~ samples. A 95% Confidence Level (CL) upper limit of 6.3 MeV/c^ is obtained for 
the change in the total Z^ width, which yields a limit of 149.4 pb for the production 
cross-section of unknown particles. 

This cross-section limit can be used to constrain both h^Z^* production if sin^ 5 = 1 
and h^A^ production if siv? 5 = 0. The first case corresponds to the exclusion of m/^o < 
9 GeV/c^ at 95% CL and the second to the exclusion of a band of values corresponding 
approximately to niho +mA0 < 70 GeV/c^ at 95% CL. The intersection of the two regions 
is excluded for all 6 values. 

On the other hand, for processes where all the decay products are invisible, the mea- 
surement of the Z^ invisible width can be used, leading to tighter limits on their cross- 
section. LEP 1 data leads to a cross-section upper limit of 67 pb at 95% CL. This 
limit allows us to exclude the totally invisible final state arising from h^A^ — > A^A^A^ 
and A° stable (using potential A in the 2HDM fermiophobic scenario), excluding a band 
of values corresponding approximately to rriho + m^o < 80 GeV/c^ at 95% CL. 

4.2 Constraints from 6-fermion final states 

In general 2HDM, the decay A^A^ is the dominant one when kinematically 

allowed. This gives rise to final states with 6-jets: 6 6-jets for h^A production and 4 6-jets 
for the Higgs-strahlung process. 

To cover this kinematic region {rriho > 2m^o), the results from were used. In this 
paper, there is no dedicated analysis of 6-jet events, but it is shown that the analysis of 
4-jet events (relevant for the SM and MSSM Higgs searches) has enough sensitivity to 
exclude this region almost up to the kinematic limit. 

A 95% CL exclusion in the plane (m/jO,m^o), valid for all possible combinations of a 
and j3 (all values of 6), is obtained by combining the numbers of expected events in h^Z^ 
and h^A^ channels and minimizing the CL with respect to sin 6 and cos 6. 

5 Limits on fermiophobic Higgs boson production 

In figure ^ the 95% CL limits on the production of a resonance X in the process 
Z^X — >■ Z°77 as a function of the 77 invariant mass are presented in terms of the 
product of BR{X — * 77) and ^ = a{Z^ X) / a{Z^ H) sm- Here the analyses of 5^77 and 
z/i/77 were used and the limit is valid for resonances with width smaller than the analyses 
mass resolution. For a value of ^.BR = 1, a limit of 107 GeV/c^ is obtained for m/^o. 
Also shown is BR(/;,° — 77) as a function of m/jO, obtained for potential A of the 2HDM. 
This branching fraction is comparable to the one obtained in the SM by setting to zero 
the value of the couplings of the Higgs boson to fermion pairs. 

In the 2HDM scenario, ^ corresponds to sin^ 5 and the BR (which is a function of 
m/iO,m^o,5) must be taken into account to determine the excluded (m/jO,sin^5) region. 
The result for potential A is shown in figure ^. The lower limit thus obtained for m/jO 
is 96 GeV/c^ at 95% CL , for sin^(5=l. For small values of sin^5, the Higgs-strahlung 
cross-section vanishes but an exclusion region can be obtained from the h^A^ associated 
production. Such 95% CL exclusion regions are shown for two different A^ masses. For 
m^o < 60 GeV/c^, rriho < 9 GeV/c^ is excluded by the Z° width measurements. 



9 



Due to the complementarity of the h Z and h A cross-sections, regions of the plane 
{mhOyUiAo) can be excluded at 95 % CL for all 6 values. Figures ^(a) and ||(b) show the 
excluded regions in this plane in the framework of potentials A and B, respectively. In 
both plots, Region I corresponds to the zone where h'^ 77 and bb. In the case of 

potential A, results of 77y4°(stable) must also be taken into account, however, the 77 final 
state gives stronger limits and the unexcluded region is still defined by the 6677 search. 
In Region II, corresponding to 77 and A^ h^Z^ , both 7777 and (3'^7777 are 

considered, together with the Higgs-strahlung process. In Region III, corresponding to 
A^A^ and A^ bb giving rise to 6-jet final states, the 95% CL limits on (m^o, m^o) 
from are used. In the case of potential A, the A^ boson can be stable and the limits 
from the Z^ invisible width provide the most conservative exclusion region. As discussed 
previously, the measurement of the Z^ width at LEP 1 allows the exclusion of a band of 
values for low masses of both and A^ which is common for both potentials, this is also 
indicated in figures Ka) and ||(b). 

6 Conclusions 

DELPHI data corresponding to a total integrated luminosity of 380 pb~^, at centre- 
of-mass energies between 189 GeV and 202 GeV, have been analysed and a search for 
a neutral Higgs boson with predominantly non-fermionic couplings was performed. The 
final states 77, 7777, bb77, qq77 and qq7777 were considered. A large region of the 
parameter space in a 2HDM fermiophobic scenario was excluded. 
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Figure 1: Acoplanarity between the two photons at selection level 2 (a) and invariant 
77 mass at selection level 3 (b) of the two photon analysis. The dots represent the 
data. The shaded area represents the expected standard model background, which comes 
mainly from the process e~^e~ ^ ^ uv with two visible ISR photons and from the 
QED process e^e~ — >■ 77(7). The darker line corresponds to signal distributions for a 
Higgs mass of 90 GeV/c^, with arbitrary normalization. The invariant mass distribution 
corresponds to level 3 of the h^Z^ selection, with 14 data events and 13±1 expected from 
background. 
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Figure 2: Invariant 77 mass at selection level 2 (a) and 3 (b) of the ^^77 and 6677 
analyses. All the data analysed are shown by dots and the shaded histograms represent 
the total backgrounds. The main background contribution is e~^e~ Z^*/'~f* — > 5577. 
The darker lines represent signals for a 90 GeV/c^ Higgs, with arbitrary normalization. 
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Figure 3: Reconstructed missing mass (a) and invariant jet-jet mass (b) for the two 
topologies with 4 photons, 7777 and 9^7777 respectively. The dots represent the data 
selected for all the analysed samples. The shaded areas represent the expected standard 
model background and the darker lines the expectations from h^A^ h^h^Z^ signals 
with arbitrary normalization. 
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Figure 4: 95% CL excluded region in the {mhO,a{h°Z°)/a{HZ^)^sM)-'BRih° 77)) 
plane, obtained from the analysis of gg77 and uu'j'j. The BR(/i° 77) computed in 
for potential A and sin^(5=l, is also shown. 
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Figure 5: 95% CL excluded region in the plane (m/^o, sin^5), obtained from the 
Higgs-strahlung final states for potential A of 2HDM fermiophobic limit. Also shown 
are the regions excluded by the associated production process for m^o= 50 GeV/c^ and 
m^o = 90 GeV/c^. The BR(/i° — 77) values computed in were used. 
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Figure 6: 95 % CL excluded region in the plane (m/iO,m^o), in the framework of Potential 
A (upper plot) and of Potential B (lower plot). The exclusion is valid for all S values and 
is obtained by combining the Higgs-strahlung and the associated production processes. 
Region I corresponds to the decay modes 77 and bb (or long-lived, for 

Potential A). Region II corresponds to A^ —* h^Z^, from the Higgs-strahlung and the two 
final states with 4 photons. Region III corresponds to —>■ A^A^ and A^ —>■ bb (taken 
from ref. |^). For Potential A and very small 6 values, A^ is stable and the limit for 
all 6 comes from the Z° invisible width measurement. The dark band in the low 171^0 
(< 9 GeV/c^) region represents the limit from the total width. 



